Abstract. Calibration of geodetic instruments is performed in accredited laboratories designed for that purposes. However, the results of these examinations do not represent the conditions under which the production measurements are performed. From this fact follows that the accuracy and the precision obtained in laboratory conditions are not burdened with all influences which could occur in the field. The influences which could occur in the field conditions may lead to the unpredictable consequences on accuracy and precision of measuring results of the horizontal directions. ISO standards prescribe the way of precision of horizontal directions testing in field conditions, but the conditions could vary between the construction sites. Based on this fact the author proposes the testing of horizontal directions for each particular construction site. The precision of horizontal directions testing shall be provided for geodetic equipment which will be used during particular project realization with respect of ISO 17123-3 recommendations of measuring three sets of angles in four series, but the number of the points and selection of the directions should be chosen in way that represents the characteristic conditions of construction site. Bearing in mind that measurements are not performed only for their precision determination but primarily because their value it is also necessary to test and discuss the obtained values of measuring directions. The conclusions about achieved precision and values of measuring horizontal directions are based on statistical hypothesis testing.
Introduction
The geodetic instruments calibration and testing is a necessary condition for their utilization for practical tasks solving. Geodetic measurements in engineering are a part of necessary activities for engineering projects realization and consequently must be harmonized with the measuring system. Each systematic and random error in geodetic measuring system could cause negative consequences on the certain engineering project during its realization. Consequently, a good knowledge about those errors is necessary in order to take proper decisions about utilization of adequate geodetic instruments and equipment. Geodetic instruments examination during the calibration process is performed in accredited metrological laboratories. The results of the calibration process are reports about accuracy (i.e. measuring uncertainty) of examined geodetic instruments and equipment. Results of calibration and the consclusion about the measuring uncertainty contain only influences which characterize controlled laboratory conditions under which the calibration was performed. However, the primary aim of using the geodetic instruments is obtaining the results which are the base of the conclusions about the quality of completed work or for decision making about the way for work which is to be done. For example, in deformation analysis the conclusions about both the state of-the-art and the behaviour of an object are based on the results of the geodetic measurements. Also, based on those consclusions the decisions about necessity of the work or of their omission are made. Having that in mind, there is no doubt that geodetic data are closely related with dynamic of expenditure i.e. the level of quality of geodetic data is an issue of the high level of responsibility. For these reasons it is essentially that the level of accuracy and the precision of the geodetic data must fit the requested level for a certain project.
As the projects which need the geodetic data are mostly implemented in the field, it is not acceptable to adopt the accuracy of the geodetic instruments obtained in the laboratory conditions as the accuracy which could be reached in field without additional testing. ISO standard 17123-3 prescribe the way for testing the precision of geodetic instruments for measuring horizontal directions in the field conditions. Five points shall be marked in the field, and then they will be measured by sets of angles method for horizontal directions. Each point shall be measured in three sets of angles and in four series of measurements. Measurements are allowed, according to the ISO 17123-3 standard, if the conditions during the measurement are changing but not extremely. Also, the distance between a station point and other points shall be between 100 m and 250 m, points shall be distributed as close as possible uniformly over the horizon and the points shall be as close as possible of the same elevation.
Conditions prescribed by ISO 1723-3 are closer to the field conditions than the laboratory conditions, but still represent a kind of idealized reality because, in spite of better reality approximation, it is difficult to achieve the conditions on construction site which are the same as in sense of above mentioned standard. From these reasons the author recommends that examination of performances of geodetic instruments and equipments shall be performed on certain construction site. The selection of points and directions shall represent the average conditions under which the measurements shall be performed. The selection of number and distribution of directions shall be chosen by the means to include all characteristic cross-sections and distances between points. If possible, it is also recommended to include the direction with significant vertical angle. Measured points shall be marked with signals which will be used for measurements during the project realization. Also the instrument shall be mounted in the way which will be performed during the project realization. This way provides the next aims for geodetic measurements in certain engineering projects:
-Testing of precision of measuring results which certain surveyor could obtain with certain geodetic instrument and equipment in characteristic conditions for certain construction site, and -Testing for possibility that certain surveyor could obtain necessary precision with certain geodetic instrument and equipment in conditions of certain project. Basic aims for the geodetic measurements are derived from initial assumptions that they are only a part of the engineering project and that they shall contribute in efficient realization of the project on requested and predefined quality level. During the engineering project realization, delays caused by insufficient efficiency and quality level of geodetic measurements are not acceptable, what means that efforts and aims of the geodetic measurements must be harmonized with the aims of the certain engineering project. The results of the geodetic measurements may be used also for different statistical analysis and statistical hypothesis testing (consistency of measuring uncertainty of measuring results obtained on a construction site and the results obtained in the laboratory conditions; equality of measuring uncertainty for different instruments on the same construction site; equality of measuring uncertainty obtained by different surveyors; equality of measuring uncertainty for one instrument at the time and so on), but these hypothesis are not an issue of this paper because they could have more scientific than practical importance for one construction site i.e. engineering project. Subject of this paper is the examination of justification of utilization of the results obtained for the horizontal directions by respect of the recommendations given in ISO 17123-3 standard and for their values 35 obtained by the method described in it. The conclusions about the justification of this approach will be based on the measuring results obtained at the construction site and on testing of the statistical hypothesis:
-about the precision of the measurements obtained at the certain construction site, by an automated total station in existing conditions and by one surveyor, -about homogeneity of precision of measuring horizontal directions obtained in four measurement series, and -about the equality of measuring the horizontal directions in four series.
Characteristics of the geodetic measurements in the engineering projects and the precision of the horizontal directions
The geodetic measurements performed for purposes of the engineering projects realization should generally meet two basic requirements: efficiency and required accuracy [1] . Efficiency means the works realization in existing circumstances and in shortest possible period of time, while the required accuracy means that obtained results must meet the limits defined in technical conditions. DIN standards define the relationship between tolerance and required accuracy in order to provide reliably conclusions about relationship between measuring results and values of measured dimensions during engineering projects realization [2] , [3] . Following this method it is possible to calculate the required accuracy on base of defined tolerances for certain construction given in technical specifications.
Providing the necessary accuracy of geodetic measurements is discussed in details in literature [4] , [5] , [6] and [7] . On the base of cited reference immediately follows that high level of accuracy of geodetic measurement require strict respect of prescribed conditions during surveying what means that, when conditions on construction site do not meet the prescribed ones, measurement shall not be performed. In engineering projects this condition is often not achievable and in that circumstance one of two possibilities must be chosen:
-Not perform geodetic measurements at all or -Perform geodetic measurements and estimate accuracy after their realization. The first possibility is not acceptable, because if geodetic measurements are omitted then it is not even possible to have any conclusions based on measured results. Second possibility, even not ideal, yet is acceptable because it is possible to have some conclusions based on results of measurements even they are obtained in conditions which shall provide required i.e. predefined accuracy.
Alongside of literature which is dealing with accuracy of geodetic measurements also the standards for their precision determination in field are established too [8] . These standards are denied as ISO 17123-3 and they recommend the condition for precision of horizontal directions determination. According to [8] for performing complete procedure for precision of horizontal directions determination it is necessary to provide 5 points on the approximately flat terrain (so that the instrument and marked points belongs to the approximately some elevation). These points should be uniformly distributed across the horizon, on the distance from 100 to 250 m away from the station point. It is allowed to perform the measurement under the deviation of metrological condition if these deviations are not extreme. However, in spite of the fact that conditions recommended by ISO 17123-3 standard are significantly better approximation of condition existing on construction site compared with laboratory conditions these measurements are provided under limitations which still could be considerably different from conditions on certain construction site where geodetic measurements shall be performed. This reason could be base for assumption that results of precision of horizontal direction examination will not represent the precision which will be obtained in the conditions under which the measurements will be performed. The deviations between the construction site conditions and the conditions prescribed by ISO 17123-3 standard could justify the assumption that precision of the horizontal directions will be different in the certain conditions under which the measurements will be performed. In practice, the deviations from the conditions prescribed in ISO 17123-3 standard could be as following: terrain could not be flat (i.e. measured point and a station point may not be at the same elevation), directions could be over a water surfaces, the lines of site could be on the different height above the ground, the distance between the points could be different from prescribed, a distance between the points could be significantly larger or smaller than prescribed, micro meteorological conditions could vary from point to point (for example: one point could be exposed to the sunlight while at the same time another point could be in the shadow etc.). If the measurement must be performed in spite of these deviations i.e. if there is no possibility to delay the measurement to the period when conditions become as prescribed then it possible to accept the assumption that measurements are performed in the extreme conditions. This case challenges the possibility of the instrument and equipment to achieve certain level of precision in existing conditions on certain construction site. Bearing in mind above stated facts, it is possible to ask the following questions:
1. if the results about the precision of the horizontal directions obtained by respect of ISO 17123-3 standard (in strict sense of its utilization) shall be adopted as "given" independent of characteristics of construction site and project for which it will be used and 36 2. if the ISO 17123-3 standard could be applied on the certain construction site in order to determine the precision of the horizontal directions which could be achieved by the certain surveyor, by the certain instrument and the equipment and in average conditions for that construction site.
Intuitively it is possible to conclude, and to some extent confirm by the author's experience, that it is not possible to make reliable conclusions about the precision of the horizontal directions on the construction site based on the precision obtained at the another construction site, especially if the conditions for performing the measurements significantly differ. However, achieving a certain level of precision is not critical in engineering projects but the accuracy of measured results in the sense of difference from the true value is [9] . Namely in engineering projects the manufactured construction elements which are not measured by the geodetic methods are often used but they are metrological provided. From this follows that the geodetic instruments shall be also metrological provided i.e. calibrated in adequate laboratories. But this means that it is necessary to test the obtained values, too. Respecting this principle means that the values of obtained horizontal directions shall be tested, i.e. it is necessary to test equality of the horizontal directions.
In order to test above statements an experiment is performed where nine points were selected in a geodetic network and the horizontal directions were measured in three sets of angles, in four series according to ISO 17123-3 standard recommendation. After that, obtained data were processed and conclusions about the precision and the values of the horizontal directions based on statistical analysis and statistical hypothesis testing drawn. Some unavoidable deviations from ISO 17123-3 standard are apparent.
3 In field measurements and data processing
Points selection and horizontal directions measurement
In the geodetic network nine points were selected with one central point, where the automated total station was mounted and measurements were performed. Points were selected as so to represent the average characteristics of the whole geodetic network.
Characteristics of the instrument, equipment, field and other conditions were:
-automated total stations with measuring uncertainly for the horizontal directions of ߪ = 0". 5 was used, -the surveyor was well experienced in the measurements and familiar with the characteristics of the site, -automated total station was calibrated in the laboratory and a valid certificate of calibration is obtained;
-the instrument was protected from influence of the sunlight during the measurement, -the instrument was exposed to the meteorological conditions more than one hour before the measurements started, -the instrument was mounted on a massive concrete pillar, -the marks also were mounted on the massive concrete pillars, -the minimum distance was 199 m, the maximum distance 1209 m and the average distance of line of sight 521 m, -zenith angles belonged to the interval of (85 o , 91 o ), -the process of the measurement lasted for about 60 minutes and was performed between 8 a.m. and 9 a.m. (month: May), -all lines of sight, but two, passed over the water surface, -the weather was mostly cloudy, -the cylindrical marks were used, and -on one point only the trembling of mark was noticed. The relative position of the points and the distances are given in Figure 1 . 
Results of horizontal directions measurements
The horizontal directions were measured in three sets of angles and in four series. After each series the data were processed by a program installed in total stations' memory which reduces the horizontal directions to the first measured point. This causes that the error of the first measured direction burden the rest of measured horizontal directions but in this case we will consider that it will not change the results of the testing hypothesis about the equality of the measured directions in different series. The empirical standard deviations of the horizontal directions were calculated for each series of measurement. The results of the measurements are given in Table 1 , while the empirical standard deviations are given in Table 2. 37 Estimation of the empirical standard deviations is given by the following formulae:
(1) where: -ߪ ො -estimation of the standard deviation of the horizontal direction measured in two faces of the total station, -‫ݔ‬ -value of j th measured direction in k th series of the measurements, -‫̅ݔ‬ -average value of the horizontal direction average value of the measured direction in for k th measuring series, -݂ -degrees of freedom for one series of the measurement, -݉ -the total number of the measuring results in one series of the measurements ݉ = 3 * 8 = 24 (the total number of two faces of the instrument), -‫‬ -number of directions (measured points), and -݊ -number of the sets of the angles. On the base of degrees of freedom it could be noticed that the number of the degrees of freedom is almost doubled than in case of ISO 17123-3 recommendation. However, because of significantly different conditions which may occur in field it does not guarantee significantly better precision than in case of recommendation.
Formulation and testing statistical hypothesis
Because of different conditions which may occur during the measurements and bearing in mind the aims of the geodetic measurements, in this paper two groups of statistical hypothesis are tested.
The first group of hypothesis is related with the standard deviations (precision) of the measuring results, while the second group of hypothesis is related with the equality of the measured values of the horizontal directions. All statistical testing were made under the assumptions that the measuring results are normally distributed, and that neither standard deviations nor true values of measured horizontal directions were known [10] . The following calculations and methods are made according to [10] . Testing of the hypothesis about the standard deviations was performed respecting the F-test while the testing of the hypothesis about the equality of the measured values was based on the range test.
The first group of the hypothesis is consisted of the following null-hypothesis:
-precision of measuring the horizontal directions is homogenous in all series of measurement, opposite to the alternative hypothesis that it is not the case, and -precision of measuring the horizontal directions is equal to the declared value, opposite to the alternative hypothesis that it is not the case. The second group of the hypothesis is consisted of the following null-hypothesis:
-results of measuring the horizontal directions are equal for each horizontal direction and for each series of measurement, opposite to the alternative hypothesis that it is not the case, and -if in previous case the alternative hypothesis would be adopted, it is necessary to test the hypothesis for each particular horizontal direction. Table 3 shows the results of measuring the horizontal directions adopted for the hypothesis about equality of measured values of horizontal directions testing.
Statistical testing of the first group of the hypothesis is performed respecting the F-test (one-tailed test):
where: -‫ܨ‬ -test statistics obtained from the measured values, -݉ ௫ ଶ -mean square error of the measured value ‫,ݔ‬ -݉ ௬ ଶ -mean square error of the measured value ‫,ݕ‬ -‫ܨ‬ ೣ , ,ଵିఈ -theoretical value of the F-distribution for degrees of freedom for the numerator and the denominator and for the significance level for the theoretical value for the given number of the degrees of freedom ߙ = 0.05, -݂ ௫ -degrees of freedom for the numerator, -݂ ௬ -degrees of freedom for the denominator, and -ߙ -significance level (adopted ߙ=0.05).
For the null-hypothesis about the homogeneity of the mean square errors the procedure from [10] it is utilized:
za ݉ ᇱ > ݉ (11) According to the empirical standard deviations given in Table 2 it is obvious that the result from the first series of measurements is the greatest one and, according to that, it should be tested first.
According to the formulae (8) and (10) i.e. hypothesis about the homogeneity of dispersions of all series of measurements shall not be accepted. Or, more precisely: the dispersion of measurements in the first series significantly differs from the dispersions of other three series which means that the measurements in the first series have significantly less precision than other three series.
The second null-hypothesis from the first group also must be rejected because it is:
Formula (15) indicates the fact that the precision of the horizontal direction measurements obtained at the construction site is several times less than declared.
The second group of the hypothesis is related with testing the equality of the measured horizontal directions in all series of measurements. According to the data from Table 3 it is obvious that the greatest range of data is obtained with the horizontal direction 8.
Utilizing the procedure for the range of measuring results testing [10] the following results were obtained: 
ܹ ீ = ݉ * ܹ .ଽହ (7) = 1.91 * 4.68 = 8,79 (20) 7".0<W G =8. 8"
On the basis of the results obtained by the formula (21) it is obvious that the maximum range does not exceed the limitations value. From this it immediately follows that the null-hypothesis about the equality of the measuring results of the horizontal directions in all series of measurement shall be accepted.
Discussion results of hypothesis testing
Results of hypothesis testing could be summarized in the following way:
1. for a given complex of the conditions and for the utilized methodology for the measurements and the results analysis of the measured horizontal directions, the declared precision for the utilized automated total station was not achieved, 2. for the given complex of the conditions and for the utilized methodology for the measurements and the results analysis of the measured horizontal directions, the homogeneity of the precision for the utilized automated total station was not achieved, and 3. for the given complex of the conditions and for the utilized methodology for the measurements and the results analysis of the measured horizontal directions, the equality of values of the horizontal directions in all series for the utilized automated total station was achieved. According to the results of the statistical hypothesis testing it is possible to conclude that, at the concrete construction site, with utilized total station and within the scope of the existing complex of conditions, the surveyor could expect the significant deviations of the precision of measuring the horizontal directions compared to the declared values. However, there are no significant deviations between the different groups of the measured directions, even for the measurements performed from the same point for significance level ߙ=0.05. At the same time, it is possible to expect that the range of the results will not deviate significantly for the significance level ߙ=0.05 i.e. the measured values will be the same. Of course, this statement should be checked for each particular group of the measurements.
If it was stated that the error of the measured horizontal direction is complex and consisted of the error of the instrument, the error characteristic for each particular surveyor, the error of the meteorological conditions and other errors specific for the certain construction site, then it could be expressed in following way:
where: -‫∆‬ -total error of the measured horizontal direction, -∆ܶܲܵ -declared value of the error for the utilized instrument (or calibrated value), -‫ݏ∆‬ -the error specific for the certain surveyor, -‫ܯ∆‬ -the error caused by the meteorological conditions, and -∆Σ -the errors caused by other influences at the certain construction site.
Utilizing the error propagation law on the formula (23), the root mean square error is obtained:
And utilizing it in the formula (24) immediately follows that the error of the instruments under existing complex of conditions is negligible i.e. that the errors of the surveyor, the errors caused by the meteorological conditions and other errors specific for the construction site were dominant.
The diagram of the empirical standard deviations shown on Figure 2 indicates a decreasing trend of the empirical standard deviations of the measured horizontal directions in time. Concluding on the basis of the significant deviation of the value of the empirical standard deviation obtained in the first series of the measurement compared to the rest of data, it is possible to state that one (or more) parameter(s) limiting the precision of horizontal directions was (were) significantly decreasing in its (their) influence on the measurement precision. If it is taken in consideration that the trend of the empirical standard deviations is decreasing (which shows Figure  2 ) then immediately follows that the influence (influences) was (were) decreasing but not as significantly as after the first series of measurements.
Conclusions
Realized measurements as well as the results of the statistical analysis indicates that, for reliable conclusions about the precision of the horizontal directions, it is necessary to perform adequate tests at the construction site where the measurements will be performed. These tests provide considerably a better estimation of the standard deviation of the measurements compared with the results obtained in the laboratory conditions and compared with the strict utilization of ISO 17123-3 procedure, because during the measurements for the engineering projects, it is possible that some requests could occur which cause the significant deviations.
Contemporary automated total stations allow fast realization of the measurements for determining the Standard deviations in series of measurement precision of the horizontal directions justifying this procedure.
Analyzing the results of the measurement diligently in the process of standard deviation testing (i.e. precision of the horizontal directions) allows the conclusions about the values of different influences and their variation during the measurement.
Identifying characteristics of the concrete construction site through the procedure of examination of the empirical standard deviation of the horizontal directions and their analytical processing, it is possible to improve the process of measurements planning, increasing the accuracy of the measurements and improvement of the measurements efficiency for the concrete engineering project.
